In low-income countries, perinatal depression is common, but longitudinal data on its influence on child health are rare. We examined the association between maternal depression and febrile illness in children. There were 654 mother/child dyads in Ghana and Côte d'Ivoire that were enrolled in a prospective birth cohort in 2010-2011 and underwent 2-years of follow up. Mothers were examined for depression using the Patient Health Questionnaire depression module antepartum and 3 and 12 months postpartum. The hazard of febrile illness in children of depressed and nondepressed mothers was estimated using a recurrent event Cox proportional hazards model. The prevalences of antepartum depression in mothers from Côte d'Ivoire and Ghana were 28.3% and 26.3%, respectively. The prevalences of depression at 3 and 12 months postpartum were 11.8% and 16.1% (Côte d'Ivoire) and 8.9% and 7.2% (Ghana). The crude and adjusted (for country and socioeconomic status) hazard ratios of febrile illness in children of depressed mothers compared with those in children of nondepressed mothers were 1.57 (95% confidence interval: 1.20, 2.07) and 1.32 (95% confidence interval: 1.01, 1.74) respectively. Perinatal depression was frequent and associated with febrile illness in the offspring. Our results showed that a high prevalence of depression in sub-Saharan Africa may pose a serious public health threat to women and their offspring.
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The global burden of mental disorders has been recognized as a top priority on the agenda of the World Health Organization (1) . Still, mental disorders are among the most prevalent and yet most neglected diseases. Depression, a leading cause of disability worldwide, affects more than 350 million people of all ages (2) . More women than men are affected by depression, and the puerperium is a time of particular vulnerability (2, 3) . A systematic review showed that the prevalence of depression in the first trimester is similar to that in agematched nonpregnant women (7%); however, it is substantially elevated in the second and third trimester (3) . In high-income countries, the prevalences of ante-and postpartum depression are approximately 10%-15% (4) (5) (6) . Two recent systematic reviews in low-and low-middle-income countries suggested that perinatal depression is even more prevalent (7, 8) . We recently reported prevalences of antepartum depression of 27% and 33% in samples from Ghana and Côte d'Ivoire, respectively (9) .
Maternal depression has been associated with adverse birth outcomes and reduced postpartum growth, poor cognitive outcome, and psychiatric morbidity in childhood and adolescence (10) (11) (12) (13) (14) (15) . There are several plausible biological and psychosocial mechanisms via which maternal depression may affect children's health, including through direct impact on fetal development (16) (17) (18) and through maternal parenting behavior (19) . Yet, studies on the association between maternal depression and childhood morbidity are extremely rare. We hypothesized that ante-and postpartum depression in women is associated with an increased risk of infections in their offspring, particularly in low-income countries in which the prevalence of depression is high and infectious diseases are the main drivers of childhood morbidity (20) . We examined longitudinal data of mother/child dyads from the Child Development Study in Ghana and Côte d'Ivoire (9) .
MATERIALS AND METHODS

Study design and setting
The Child Development Study is a birth cohort of mothers and children in Ghana and Côte d'Ivoire. Details of the study design have previously been described elsewhere (9) . In brief, women in their last trimester of pregnancy were consecutively recruited in 2 large hospitals, the Komfo Anokye Teaching Hospital in Kumasi, Ghana, and the Abobo Community Hospital in Abidjan, Côte d'Ivoire, during antepartum care visits between March 2010 and December 2011. Whereas the Komfo Anokye Teaching Hospital serves a mixed population in Ghana's second largest city, the Abobo Community Hospital provides healthcare to an underprivileged population affected by civil war. Antepartum care coverage is approximately 87% in Ghana and 60% in Côte d'Ivoire (21) . Prevalences of low birth weight and preterm birth are between 9% and 17% in the 2 countries (22, 23) . After birth, the children of included mothers were enrolled into the prospective birth cohort for a 2-year followup period.
Ethics statement
The present study was conducted in accordance with the ethical principles of the Declaration of Helsinki. It was approved by the ethical committee of the Kwame Nkrumah University of Science and Technology in Kumasi, Ghana, the National Ethical Committee in Abidjan, Côte d'Ivoire, and the ethical committee of the Chamber of Physicians in Hamburg, Germany. Generally, persons suffering from nonpsychotic depression were able to understand and consent to study requirements.Allparticipatingmothersprovidedwritteninformed consent.
Participants and procedures
All women in their third trimester of pregnancy who resided within 5 km or less from the hospitals were eligible for participation. We restricted the sample to 1) mothers with relatively low obstetric risk and 2) children without severe birth complications so that we could address confounding by birth-related factors. Exclusion criteria for mothers were an age less than 18 years, pregnancy with multiples, and severe pregnancy complications (e.g., hypertension, hemorrhage, preeclampsia, and diabetes). Children were excluded in cases of severe malformation or life-threatening condition detected perinatally, an Apgar score less than 5 after 1 minute and less than 7 after 5 minutes, intrauterine death, early postpartum death, premature birth (<34 gestational weeks), a birth weight less than 2,500 g, or massive clinical jaundice. Because of political instability and resumed fighting in Côte d'Ivoire during the study period, 311 mothers did not give birth in the designated hospitals and could therefore not be followed-up (Figure 1 ).
After the baseline visit during the third trimester, followup visits 3 and 12 months after birth were scheduled to collect data on maternal depression, breastfeeding practices, and children's physical statuses. Mothers were encouraged to visit the recruiting hospital when their child was sick, and Maternal Depression and Febrile Illness in Children 1395 every effort was made to accommodate the needs of the study participants to ensure compliance (e.g., very short waiting periods, expert attending pediatricians, subsidized fees for service).
Exposure, outcome, and covariates
The exposure variable was maternal depression, and it was assessed antepartum and 3 and 12 months postpartum to capture the time-varying nature of depression using the Patient Health Questionnaire depression module (PHQ-9) (24). The questionnaire was translated from English into the local language Twi in Ghana and back. In Côte d'Ivoire, the official translations into French that were provided by the original authors were used. Given that illiteracy is common in both settings, questionnaires were adapted for interviewer administration. The PHQ-9 refers to the past 2 weeks and assesses the presence and severity of the 9 depression criteria from the Diagnostic and Statistical Manual of Mental Disorders-IV, which cover emotional, cognitive, and functional somatic symptoms. Response options generate a continuous score that can range from 0 (no symptoms) to 27 (all symptoms present nearly every day); scores of 10-14 represent moderate depression symptoms and scores of 15-27 represent moderately severe to severe depression symptoms. The PHQ-9 has been validated for use in the general population and in primary care, as well as in obstetrics and gynecology samples in both high-and low-income settings. In rural Ghanaian women postpartum, the PHQ-9 proved superior to other common depression screening measures when using a semi-structured clinical interview as reference standard (25) . A threshold score of 10 or higher had a sensitivity of 88% and a specificity of 88% for major depression (24, 26) and was used for case classification. The term "depression" thus refers to the result of a robust screening procedure in an epidemiologic study and not to a clinical diagnosis. Women who were screened positive were referred to local mental health professionals. The reliability of the PHQ-9 score was somewhat limited (for Ghanaian women, Cronbach's α = 0.69, and for Ivorian women, α = 0.64). This may indicate that interviewer influences, a different understanding of the items (and therefore the diagnostic criteria), and/or the response categories might have been additional sources of error. Yet, the results showed consistent patterns. A nonoptimal reliability inflates standard errors and may also have affected the validity of our results. However, if misclassification occurred, it was likely nondifferential and probably biased our measure of association towards the null. The outcome was febrile illness (body temperature ≥37.5°C) in children with an unambiguous medical diagnosis that was severe enough to prompt a medical prescription by the attending expert pediatrician. This could have been, for example, an antibiotic, antimalarial, or paracetamol to reduce fever. This outcome was chosen because of its importance in low-income countries in which infectious diseases are by far the most important drivers of morbidity and mortality in young children (20) . The "prescription criterion" captured disease severity in this setting. We considered this conservative outcome classification more reproducible than a classification as "severe" or "nonsevere" by the clinician. The pediatricians who diagnosed the children were unaware of the mothers' depression status. The files of mothers and children were kept separated.
There were several potential confounders. The first was socioeconomic status (SES). Maternal depression has been associated with low SES (27) , and low SES is associated with poor outcome in children (28, 29) . A questionnaire comprising 15 items on different aspects of region-specific determinants of living conditions, such as educational level, occupation, religion, access to cooking gas, access to a flush toilet, and ownership of a number of goods, was completed by the pregnant women to assess SES at baseline. Items with low discriminating power or many missing values were disregarded. A principal component analysis was conducted, and an SES index score was constructed based on 6 items: ownership of refrigerator, car, or bed net, toilet type, maternal educational level, and spouse educational level (Cronbach's α = 0.67). Tertiles were created (30) . The second potential confounder was anxiety. Comorbidity of anxiety and depression in the perinatal period has been previously described (31, 32) , and pre-and postpartum maternal anxiety have been associated with unfavorable childhood outcomes (17, 33) . Anxiety was assessed antepartum and 3 and 12 months postpartum using the Generalized Anxiety Disorder 7-item anxiety scale. The third potential confounder was country. The fourth was the season in which an infection occurred. There is an increased risk of Plasmodium infections during the rainy season in malaria-endemic areas. An event was allocated to a particular season if it occurred at least 3 weeks after onset of this season. The fifth was sex. In some cultures, male children may receive more care and attention than female children (34) . The sixth potential confounder was maternal age; a maternal age less than 20 years or greater than 30 years may be associated with an increased risk of illness in young children (35) . The seventh was maternal anemia. Maternal anemia may indicate conditions such as poor nutritional status, gynecological problems, or chronic exposure to malaria parasites and may be associated with altered maternal mood and mother-child interactions. The eighth potential confounder was the use of intermittent preventive malaria treatment in pregnancy, and the ninth was whether the mother had been infected with the human immunodeficiency virus.
Potential mediators of the association between maternal depression and febrile illness in children were also examined. These included children's nutritional status, premature birth, and breastfeeding practices.
Statistical analysis
The average rate of febrile illness in children was calculated as the total number of sick-child visits with fever, a medical diagnosis, and a pharmaceutical prescription divided by the total person-years during which the children were under observation. Time-to-event analysis was used, and followup was counted as the time from birth to the last visit. Participants were censored if they did not have any events until the final (2 years after birth) visit or were lost to follow-up. A recurrent-event Cox proportional hazards model (Prentice, Williams, and Peterson model) (36) was used to evaluate the overall hazard ratio of febrile illness in children of mothers with and without depression. The recurrent-event Cox proportional hazards model was chosen because it allowed us to account for the dependence of events within a person, as well as the time-varying exposure. The proportional hazards assumption was verified by plotting the estimated cumulative hazards over time. The correlation of multiple events within the same participant was accounted for by adjusting the estimates of the standard errors using a robust variance estimator (37) . Maternal depression was dichotomized (PHQ-9 score ≥10 indicated depressionandPHQ-9 <10 indicated nondepression) and the most recent antecedent exposure status was used for each outcome episode. In the multivariate model, we adjusted for potential confounders that were associated with both the exposure and the outcome in the univariate model. To assess whether breastfeeding, premature birth, or infant nutritional status mediated the association between maternal depression and the outcome, the hazard ratio of maternal depression associated with achild's febrile illness was calculated with and without adjustmentforthesefactors.Toexplorethepossibleinteractionbetween country and depression, we assessed the interaction term in the multivariate model. In addition, we conducted analyses stratified by country. Sensitivity analyses examined simulated data with even intervals between each exposure measurement, the cumulative association between recurrent depression and the outcome, and an analysis of 288 mother/child dyads who had been followed up for 2 years at the time of analysis.
Multicollinearity was examined by calculating the variance inflation factor. With no variance inflation factor greater than 10, we found no indication of multicollinearity. All tests were performed with a 2-sided significance level of 0.05. Point estimates were complemented by symmetric 95% confidence intervals.
RESULTS
Few women (n = 55) refused to participate in the study (Figure 1) . Table 1 shows characteristics of mothers and children by maternal antepartum depression status. Prevalences of maternal depression at baseline and at 3 and 12 months were 28.3%, 11.8%, 16.1%, respectively, in Côte d'Ivoire and 26.3%, 8.9%, and 7.2%, respectively, in Ghana.
Febrile illness in children
The mean follow up time was 1.3 years, and the total time at risk was 878.5 years in 654 children. A total of 523 events were recorded. The most frequent clinical diagnoses were malaria, upper respiratory tract infection, and urinary tract infection ( Table 2) .
The rates of febrile illness were 0.74 per person-year (95% confidence interval (CI): 0.60, 0.92) and 0.50 per personyear (95% CI: 0.46, 0.56), respectively, among children of Maternal depression and febrile illness in children Table 3 presents the crude and adjusted hazard ratios of febrile illness in children and maternal depression. In the univariate model, the hazard for Ghanaian children was one fifth that for Ivorian children. The hazard decreased with increasing SES in both countries. The hazard of febrile disease in children of depressed mothers was 57% higher than the hazard in children of nondepressed mothers.
Country and SES were identified as confounders. After adjusting for both, the hazard of developing a febrile illness was 32% higher in children of mothers with depression than Nose infection 523 9
Other diagnoses 523 18
a Multiple diagnoses can be made for 1 episode of febrile illness. a Depression was defined as having a raw score on the Patient Health Questionnaire depression module of 10 or higher; nondepression was defined as having a raw score less than 10. Nondepressed mothers were the reference group.
b Subjects from Côte d'Ivoire were the reference group. c The bottom 30% were the reference group. d Anxiety was defined as follows: none, Generalized Anxiety Disorder 7-item anxiety scale raw score of 4 or less; mild anxiety, a raw score of 5-9; moderate anxiety, a raw score of 10-14; and severe anxiety, a raw score of 15-21. Subjects with no anxiety were the reference group.
e The dry season was the reference group. f Male children were the reference group.
it was in children of mothers without depression (Table 3) . We analyzed the interaction term between depression and country. The hazard ratio for interaction was 1.45 (95% CI: 0.72, 2.92; P = 0.29), meaning we did not find evidence of an interaction (Web Table 1 , available at http://aje.oxfordjournals. org/). The stratified hazard ratios in Ghana and Côte d'Ivoire were 1.62 (95% CI: 0.86, 3.08; P = 0.14) and 1.21 (95% CI: 0.91, 1.60; P = 0.19), respectively (Web Table 2 ). Because of the halved sample size, these stratified results lost significance. We concluded that we did not find evidence of an interaction.
We did not detect a mediating effect of breastfeeding, late prematurity, or children's nutritional status. Table 4 shows the frequencies of stunted, wasted, and undernourished children at birth and 3 and 12 month after birth.
Cumulative maternal depression and febrile illness in children
We constructed a cumulative depression exposure by categorizing mothers as never or once depressed and depressed 2 or 3 times. The crude and adjusted hazard ratios for children of recurrently depressed mothers compared with those for children of mothers with fewer episodes were 2.20 (95% CI: 1.51, 3.19) and 1.90 (95% CI: 1.32, 2.75), respectively. Table 5 shows the results of the sensitivity analyses. The association between maternal depression and febrile illness in children was robust and the hazard ratios appeared to be even larger in the subset of participants who have completed the 2-year follow up.
Sensitivity analyses
DISCUSSION
To our knowledge, this is the first longitudinal study that has explored 1) the prevalence of antepartum and postpartum depressive episodes in African women, 2) their change over time, and 3) the association with children's health. The outcome was clinically confirmed, and the exposure was measured using an established questionnaire. Children of depressed mothers had an increased risk of febrile illness. After adjustment for confounders, the point estimate decreased only slightly. The risk was even higher in children of recurrently depressed women. Our findings support our hypothesis that maternal depression affected not only the mother but also the health of the child in our sample.
A few studies on maternal depression and illness in children reported similar findings. In a cohort study from Pakistan, Rahman et al. (38) found that among children born to depressed mothers compared with children born to nondepressed mothers, the odds ratio of having 5 or more episodes of diarrhea per year was 3.1 (95% CI: 1.8, 5.6) after adjustment for confounders. In a Nigerian study focused on infant growth during the first 9 months of life, Adewuya et al. (10) reported a significant increase in the average number of episodes of diarrhea and other infectious illnesses in infants of depressed mothers (5.23 episodes; standard deviation, 2.37) compared with infants of nondepressed mothers (3.70 episodes; standard deviation, 4.14). However, that study did not adjust for potential confounders. A study of a large population-based cohort in the United Kingdom found that children of women with antepartum depression had a 40% increased risk (incidence rate ratio = 1.40, 95% CI: 1.37, 1.42) of gastrointestinal infections and a 30% increased risk (incidence rate ratio = 1.30, 95% Abbreviations: CI, confidence interval; HR, hazard ratio. a Depression was defined as having a raw score on the Patient Health Questionnaire depression module of 10 or higher; nondepression was defined as having a raw score less than 10. Nondepressed mothers were the reference group.
b Analysis A featured a simulated dataset with even intervals between exposure assessment time points. c Analysis B contained a subset of participants who had been followed-up for 2 years (n = 288). d Analysis C featured a simulated dataset with even intervals between exposure assessment time points within subset of participants who had been followed-up for 2 years (n = 288).
CI: 1.22, 1.32) of lower respiratory tract infection. That study did not adjust for confounders (39) . A cohort study in the United States found that postpartum maternal depression was associated with more hospital admissions and emergency department visits in offspring for up to 30 months (odds ratio = 1.4, 95% CI: 1.2, 1.8).However,diagnosesofchildrenwereobtainedthrough medical records and from parent report only (40) .
There are several possible mechanisms through which maternal depression may affect the health of offspring. Depressed pregnant women more frequently exposed their fetuses to alcohol, nicotine, and drugs (41) . Some studies suggested that the high cortisol levels associated with antepartum depression could have a direct influence on fetal development by affecting the hypothalamic-pituitary-adrenal axis, limbic system, and the prefrontal cortex (16) (17) (18) . Postpartum depression may disturb the mother's parenting behavior and mother-child interaction (19) . Impeded maternal care poses a high risk in the first year of life because infants require more care during this period and are more susceptible to their mothers' depressive moods (42) . Maternal depression may lead to disengagement or child neglect, delayed healthcare-seeking (24) , and decreased preventive behavior, such as hand-washing before feeding (38) .
Some studies reported that maternal depression was associated with reduced frequency or duration of breastfeeding (6) . Our data did not confirm this finding. We assessed breastfeeding behavior at 2 time points postpartum and may not have fully captured this practice. Breastfeeding behavior is complex and differs across cultures and with social norms (43) . Previous studies have suggested that maternal depression predicts poor infant nutritional status (10, 38, 44) , which may mediate increased risk of illness. Our analysis did not confirm this pattern. We restricted our sample to babies without a very low birth weight and therefore may have missed children that could be prone to nutritional deficiencies due to unknown causes. Generally, children in our study were rarely malnourished during the follow-up period.
Ivorian and Ghanaian women showed changes in depression over time, suggesting that depression is a relatively dynamic process in our sample and subject to change in the first year postpartum. This dynamic pattern has also been found in the United States and China (45, 46) . Some studies have suggested that antepartum depression or a prior episode of postpartum depression were predictive of recurrent postpartum depression, and approximately 50%-70% of women depressed in the puerperium were at risk of chronic depression (6, 38) . We observed that around one-fourth of women in our study who were depressed antepartum had 1 or 2 episodes of postpartum depression.
The present study has limitations. First, although we restricted our sample to pregnant women who were physically healthy at recruitment and children without serious birthrelated complications to avoid confounding by pre-existing maternal physical illnesses and very poor birth outcome, residual confounding is possible. We used multivariate regression analysis to control for potential confounders, but there may be unknown confounders that we did not measure. Second, selection bias is possible because 323 mothers either did not give birth in the study hospitals or were lost to follow up from the beginning of the study. They were almost exclusively from Côte d'Ivoire and lost to observation because of the confusion during and after the armed conflict in that country that resumed 6 months after recruitment started. The missing mothers were, on average, more depressed, younger, and of lower SES. We may therefore have underestimated the prevalence of maternal depression. Third, information bias may occur when using imperfect screening instruments like the PHQ-9. Forth, the findings are likely not generalizable to all African women because our sample was restricted to urban, relatively healthy pregnant women who had access to healthcare.
This large, prospective cohort established the correct temporal sequence, that is, the exposure had to occur before the outcome. Yet, it is theoretically possible that febrile childhood illness from month 3 on influenced depression status in the mother. We believe that our directly observed outcome is particularly meaningful in low-income settings in which febrile diseases strongly drive infant morbidity during the first 2 years of life (20) . We used a recurrent-event Cox proportional hazards model to account for the dependence of events within a person and the time-varying exposure. We modeled our exposure variable quite dynamically, that is, each episode of maternal depression was assumed to have an immediate impact on children's health. To measure the cumulative influence of repeated maternal depression, we conducted additional analyses with repeated maternal depression as the exposure and found that the association was stronger, which suggests a possible dose-response relationship. Our results were robust to several sensitivity analyses.
Our findings underline and expand the knowledge on depression in women and illness in their children in sub-Saharan Africa. This association between 2 major public health problems (mental health and infectious diseases) in this region of the world emphasizes the need for a multidisciplinary approach to assessing the relationship between the health of mothers and their children and to integrating diagnosis and treatment of depression into primary healthcare. Should further studies confirm the high prevalences of ante-and postpartum depression in sub-Saharan African women, the development and rigorous testing of effective, locally acceptable, feasible, and safe interventional strategies is recommended.
